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Sources of Subsurface Data

12 @ Geotechnical borehole with data to 15-meter depth, showing hquetaction . _ : | |
value ranging from 0 to 25 m moderate-hazard areas oy Lt S | L B b =~ LSS ] _ e rils . =7 S

O Geotechnical borehole with insufficient data to classify

P e A T e Tl

12 W Water well with data to 15-meter depth, showing liquefaction value
ranging trom 0 to 25 m moderate-hazard areas

T el L |-1' | 2k

.

il TR o p e e e —_—— SR o N S SR
13 13 4 |

i : !—___-;ﬂ :

1

Water well with insutticient data to classitv

-

Shallow excavation (generally less than 3 meters deep) with msutticient
data to classuity

42" 30"
DISCUSSION , : , .
Liquetaction occurs during earthquakes when shallow, water-saturated, cohesionless soils W _ ; | o Y | aiinn s | 2 | R G e S RN e ot e W s
are subjected to ground shaking. Cohesionless soils are generally sandy, with little clay, although ' WY e R R T SR : ' e - = - L. : : _ =2 ‘ i
some silty and gravelly soils are valnerable to liquefaction. Upon hiquetaction, susceptible soils
lose thewr strength and ability to withstand the weight of overlying seduments and structures. : | i , _ |
Liquefaction 15 one of the major causes of earthquake damage. During the August 30, 1962, LR Y . . ¢ R R« [ R , i C % - & | : _ R e '
earthquake i Cache Valley (magmitude 5.7), hquefaction occurred along the banks of the Bear s Ty e . 12 T ' - S : | | .' |
River near Trenton (about 25 kilometers northwest of Logan) when liquefied sand was extruded
from cracks and sand boils (Hill, 1979).

This map estunates the liquetaction hazard by: (1) showing areas i which the potential for
liquetaction 15 imncreased due to the presence of susceptible soi1ls, and (2) relating the susceptibility
to the intensity, probability, and frequency of earthquake ground shakmg required to mduce
hiquefaction. Ground motions for each mapped hazard rating are shown m table 1. See plate 3 for
estumation of the effects of liquetaction-mduced lateral-spreadmg slope failures.
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This map was compiled by furst collecting relevant surticial-geologic and subswtace data
and then integrating the data into a Geographic Information Systems (GIS) format using
ArcView GIS v3.2 (Environmental Systems Research Institute, Inc., 1999) and ArcView Spatial
Analyst v2.0a (Environmental Systems Research Institute, Inc., 2000) software. Swrticial-
geologic data mclude the distribution of unconsolidated and bedrock units (McCalpin, 1989,
Lowe and Galloway, 1993; Evans and others, 1996; Solomon, 1999) and geologic units which
experienced hquefaction during the 1962 Cache Valley earthquake (Hill, 1979). Subswface data
are related to factors listed by Obermeter (1996) as contributing to liquefaction: (1) gramn size, (2)
relative density, (3) depth and thickness of strata, (4) age of sedunents, (5) characteristics of the
overlymg contining bed, (6) topography and the nature of seismic shaking, (7) depth to ground
water, and (8) seismic history. Of these eight factors, we do not consider three (age, topography,
and seisnuc history) because they are essentially constant throughout the central Cache Valley.
We estumate depth to ground water from the study of ground-water resources of Cache Valley by
Bjorklund and McGreevy (1971).
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Although liquetaction may occur at depths greater than 20 meters, so1l deeper than 15
meters 15 commonly too deep to liquety (Seed, 1979). Only 43 of 182 geotechnical boreholes mn
the central Cache Valley are at least 15 meters deep. and most of these are clustered m Logan. In
conftrast to the lmuted depth and uregular spatial distribution of geotechnical boreholes, water
wells in the area are typically deeper than 15 meters and are widely and wniformly distributed.
Of 1,032 water wells 1n the area, 1,014 are at least 15 meters deep. Therefore, we use both
geotechnical-borehole and water-well logs to obtain mformation on the remamng four factors
withm the upper 15 meters of so1l. Numerical values are assigned to variables related to the
factors, the values are summed for each liquetiable layer, and the layer with the highest sum
(liquetaction value) 15 assumed to represent the liquefaction potential at the site. Our map shows
liquefaction values for boreholes and wells in moderate-hazard areas to indicate the relative
susceptibility of soil to liquefaction. Areas with lower hazard ratmgs generally lack susceptible
soils or have deep ground water. Areas with a high hazard rating have experienced historical
liquetaction and are not defined by liquetaction values (table 1).
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. Although water wells are more widespread than geotechnical boreholes, geologic
interpretations based on water-well logs are less precise than interpretations of
borehole logs. The use of water-well logs 15 appropriate only for regional studies
in areas where geotechnical data are sparse or lackmg. Water-well logs should not
be relied upon for site-specific mvestigations (table 2).

This map 1s the thard generation of mapping regional liquetaction hazards in the central
Cache Valley. Hill (1979) first mapped lhiquefaction potential using a procedure developed by
Youd and Perkins (1978) tor liquetaction potential mapping m California based on geologic data.
However, that procedure correlates liquetaction susceptibility with the age of swificial deposits.
Anderson and others (1990) note that most deposits i the central Cache Valley are late
Pleistocene and therefore are not sufficiently differentiated to determune liquefaction
susceptibility based on age. They further observe that the mternally dramed basimn i which
Cache Valley hes preserved high liquefaction susceptibility m sediuments of Pleistocene age that,
i coastal areas of Califormia studied by Youd and Perking (1978), would have moderate to low
liquetaction susceptibility. Anderson and others (1990) mapped liquetaction potential using
engineermg data to calculate cyclic stress ratios with relationships developed by Seed (1979).
Critical accelerations requured to mitiate liquetaction were then obtamed from the cyclic stress
ratios, applied toregional sersmicity to determune exceedance probabilities, and used with _
geology and topography to determune liquetaction potential zones. Owr techimique enables us to 1
map a pattern of liquefaction potential simuilar to that mapped by Anderson and others (1990).
However, Anderson and others (1990) map liquetaction potential by comparmg the critical
accelerations to the geologic and topographic settings of the limited areas where geotechnical
data were analyzed and mapping liquetaction potential in areas with no geotechnical data using
the correlation between geology . topography. and critical acceleration. We provide surrogate
subswface mformation m areas with no geotechnical data by mterpreting abundant water-well
logs. Owur technique 1z thus mndependent of local surficial geology and reflects subsurface
changes m so1l conditions based on information from water wells. T.0 N, i
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This map 1z mtended prumarily for regional plannmg purposes and should not be used as a 4610 ol
substitute for site-specific geotechmcal mvestigations conducted by qualified professionals. The U
map 1s not mtended for use at scales other than the published scale. Map boundaries are based

on limited data available prior to the date of publication, are approximate, and are subject to
change as the quantity and quality of available data umproves. The hiquefaction hazard at any
particular site may actually be lugher or lower than shown because of geological variations within
a hazard ratmg, gradational and approximate map boundaries, and the regional scale of this map.

This map does not address man-made alterations to ground conditions (fill) because they could
noet be distinguished on a regional basis with the data available. The properties of fills vary
Jrom dense, engineered fills with a very low liquefaction susceptibility to loose fills with a very
Iiigh liquefaction susceptibility. The use of fill may increase or decrease the Ivagard at a site.
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